Sample preparation and experimental details
The dissolution DNP experiments were performed in a HyperSense commercial polarizer operating at 3.35 T and at 1.4 K as previously described. [1] [2] [3] [4] The NMR spectra were recorded on a VNMRS Varian high resolution NMR spectrometer at 9.4 T and 298 K. All compounds were obtained from commercial sources and used as received. During sample preparation BDPA was dissolved first in sulfolane or diethylene glycol monobenzyl ether, facilitated by sonication (5 to 10 min). After DNP, water was used as the dissolution liquid for hydrophilic compounds while hydrophobic substrates were dissolved in methanol unless otherwise specified. The dissolution liquid was transferred from the HyperSense polarizer to a 10 mm NMR tube inside a 9.4 T high resolution magnet via a Teflon tube with a transfer time of 8 s. The glassing agents and solvents used for dissolution were not deuterated. The samples for DNP were prepared as follows:
Hydrophilic compounds.
i) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] C]pyruvic acid. Sulfolane (100 μL) was doped with BDPA (4 mg) and after complete dissolution of the radical, [1-13 C]pyruvic acid (100 μL) was added. The final concentration of BDPA was 40 mM in this mixture. 30 μL samples were polarized for 1.5 hours. Aqueous sodium bicarbonate (4 mL, 15 mM) was used as dissolution liquid. ii) 13 C-urea.
13
C-enriched urea (24.3 mg) was dissolved in a mixture of sulfolane (75 μL), methanol (50 μL), and diethylene glycol monobenzyl ether (75 μL) doped with BDPA (40 mM) and 30 μL samples were polarized for 2 hours. iii) [1, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] C2]maleic acid. N-pyridine (120 μL) was added to a mixture of sulfolane (140 μL) and diethylene glycol monobenzyl ether (40 μL) doped with BDPA. The final concentration of BDPA was 40 mM. 80 μL aliquots were polarized for 3.5 hours. vi) Trimethyl phosphate. Trimethyl phosphate (100 μL) was added to a mixture of sulfolane (150 μL) and diethylene glycol monobenzyl ether (50 μL) doped with BDPA. The final concentration of BDPA was 40 mM. 80 μL aliquots were polarized for 3 hours. vii) 6 LiCl. 6 Li-enriched LiCl (16 mg) was dissolved in a mixture of sulfolane (150 μL) and diethylene glycol monobenzyl ether (50 μL) doped with BDPA (40 mM). 80 μL aliquots were polarized for 3 hours. viii) 89 Yttrium-trifluoromethanesulfonate. Anhydrous yttrium triflate (47 mg) was dissolved in a mixture of sulfolane (100 μL) and diethylene glycol monobenzyl ether (100 μL) doped with BDPA (40 mM) and 160 μL samples were polarized for 5 hours. An aqueous solution of diethylenetriaminepentaacetic acid (4 mL, 0.175 M, pH = 7.8) was used for dissolution. The pH of the hyperpolarized sample after dissolution was 7.2.
Hydrophobic compounds.
i) 13 C-benzene.
13
C6-benzene (49 μL) was added to a mixture of sulfolane (146 μL) and diethylene glycol monobenzyl ether (49 μL) doped with BDPA. The final concentration of BDPA was 40 mM in the sample. The 15 μL aliquots were polarized for 2 hours. ii) Tetramethylallene. Tetramethylallene ( 13 C natural abundance) (100 μL) was added to a mixture of methanol (100 μL) and sulfolane(100 μL) doped with BDPA. The final concentration of BDPA was 40 mM. 160 μL samples were polarized for 4 hours. iii) 15 
N-nitrobenzene.
15 N-enriched nitrobenzene (120 μL) was added to a mixture of sulfolane (140 μL) and diethylene glycol monobenzyl ether (40 μL) doped with BDPA. The final concentration of BDPA was 40 mM. 80 μL samples were polarized for 3 hours. iv) Tetraethylsilane. Tetraethylsilane (100 μL) was added to a mixture of sulfolane (100 μL) and butanol (100 μL) doped BDPA. Due to the limited solubility of BDPA in this mixture, the final concentration of the radical was 27 mM. 80 μL samples were polarized for 4 hours. v) 89 Yttrium acetylacetonate. Y(acac)3 (8 mg) was dissolved in a mixture of sulfolane (300 μL) and diethylene glycol monobenzyl ether (100 μL) doped with BDPA (40 mM). 160 μL samples were polarized for 5 hours.
DNP experiments of [1- 13 C]pyruvic acid 13 C-urea and 15 N-choline using trityl OX063 as a polarizing agent were performed in the same glassing mixtures as described for the BDPA samples. The concentration of the radical was 15 mM and water (4 mL) was used for dissolution.
Optimization of the BDPA radical concentration
To achieve high NMR enhancement in the liquid-state, it is important to optimize the nuclear polarization of the frozen sample. Figure S1 shows the solid-state nuclear polarization of [1- 
DNP in diethylene glycol monobenzyl ether and DMSO glassing matrices
In addition to sulfolane, two other solvents: diethylene glycol monobenzyl ether (DGME) and dimethyl sulfoxide (DMSO) can dissolve BDPA and act as glassing matrices for DNP experiments. Figure S2 shows the solid-state polarization buildup of 30 L samples containing a) 1:1 v/v [1-13 C]pyruvic acid:DGME doped with 40 mM BDPA and b) 1:1 v/v [1- 13 C]pyruvic acid:DMSO doped with 25 mM BDPA. The 13 C sample in DGME glassing matrix (40 mM optimum BDPA concentration) achieved the same polarization levels as the 13 C samples in sulfolane glassing matrix. The sample in the DMSO glassing matrix has a slightly lower polarization level and longer polarization buildup time because of the limited solubility of BDPA in DMSO (~25 mM). Methanol can also be used as a glassing solvent for BDPA although it has limited solubility for BDPA. 
DNP of 13 C samples with doped trityl OX063 and 4-oxo-TEMPO
In the thermal mixing regime, radicals with narrow EPR linewidths D are expected to produce higher nuclear polarization levels. Narrow ESR linewidth translates to lower heat capacity (lower spin temperature) of the electron dipolar reservoir which cools the nuclear Zeeman system, ergo higher nuclear polarization. [4, 5] Figure S3 shows that 13 C samples doped with trityl OX063 (D~60-70 MHz) have higher polarization than the 13 C pyruvate sample doped with 4-oxo-TEMPO which has 6-10 times [6] In dissolution DNP, the nuclear polarization of hyperpolarized solutions decays according to the spinlattice relaxation time of the nucleus thus pre-imaging/spectroscopy manipulations such as filtration of the radical should be done as quickly as possible. The BDPA polarizing agent could rapidly be removed from hyperpolarized aqueous solutions by forcing the solution through a 0.2 m filter cartridge using a 10 mL plastic syringe. Figure S4 shows the (a) unfiltered and (b) filtered dissolution liquids of pyruvic acid samples. Figure S4c shows the 0.2 m filter cartridge containing the BDPA radical. The absence of BDPA in the filtered dissolution liquids was verified by UV-Vis spectrophotometry (see Figure S6 ). b) In-line filters. For faster filtration, home-built in-line filters were also used. These are placed in the dissolution line. Figure S5a shows a simple filter consisting of a cotton plug that filtered most of the BDPA radical. A slightly improved version is shown in Figure S5b where the filter is composed of four layers: cotton, Amberlite resin, charcoal, and cotton. 
) UV-Vis Spectrophotometry of filtered dissolution liquids
The absence of BDPA in the filtered dissolution liquids was verified by UV-Vis spectrophotometry. BDPA has a strong UV-Vis absorbance at ~480 nm. Figure S6 shows the absorbance of different concentrations of BDPA in methanol and the filtered dissolution liquid. There was no detectable amount of BDPA in the filtered solutions. C (natural abundance) tetramethylallene polarized in 1:1 sulfolane:methanol glassing agent. Methanol (4 mL) was used as the dissolution solvent. The T1 of the C4-7 carbons is ~8 seconds. Note that the 13 C nuclei of the sulfolane and methanol present in the glassing matrix are also hyperpolarized. The contribution of the non-hyperpolarized 13 C carbons of the methanol used for dissolution is negligible.
